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(54) Monolithic laser pump cavity 

(57) A high-Q pump cavity (14) is formed from 
undoped crystal pieces (12) that are diffusion bonded to 
a doped core (1 0) of the same crystal host material. The 
resulting monolithic pump cavity (14) has 2 opposing 
convex-curved sides (22, 24) which have a highly- 
reflective coating (26) on their outer surfaces, except in 
narrow slit-shaped areas (28) on each curved side (22, 
24) through which laser-diode-supplied pump light (54) 
enters the cavity (14). The curvature of the two curved 
sides (22, 24) is such that nearly all the pump light rays 
(54) that pass through the slit-shaped areas (28) are 
deflected by the curvature through the doped core (10), 
and rays that enter the cavity (14) are redirected 
through the doped core (10) many times, resulting in 
efficient, uniform absorption. The cavity (14) has two 


opposing flat sides (58. 59) that interlace with metal 
heat sink blocks (76. 78) to facilitate the removal of inter- 
nally-generated heat. Thermally induced astigmatic 
lensing caused by this heat is countered by a cavity 
design in which the core shape and the dimensions of 
the cavity (14) minimize this astigmatism. Embedding a 
doped crystal core (10) within a crystal (12) of the same 
material allows the lasing mode size to be larger than 
the core (10), allowing the entire doped core (10) to be 
accessible for efficient extraction, helps reduce parasitic 
oscillation, and provides highly effective cooling. Fur- 
thermore, laser diode light (44, 46; 100, 102) couples 
directly into the doped core (10), with close to 100 % 
transport efficiency. 


FIG. 3 



O 
CO 

o 

CL 
LU 


BNSDOCIO <EP 080144&A2 I > 


Pmiedby Rank Xero* {UK) Business Ssrvrces 
2 W 163 d 


! 


EP 0 801 449 A2 


Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to crystal lasers, and particu- 
larly to monolithic crystal pump cavities that are 
pumped with laser diodes. 

Description of the Related Ar t 

Crystal lasers, doped with an active ion,- often use 
one or more laser diodes to provide "pump -light." The 
pump light excites, ions in the doped crystal to a higher 
energy state; this process is known as "absorption." A 
"pump cavity" typically contains a uniformly-doped crys- 
tal rod and other elements, such as a pump light reflec- 
tor. Pump light is coupled into the cavity, typically with 
one or more laser diodes, either from the side of the 
cavity, known as "side-pumping." or the end of the cav- 
ity, i.e. "end-pumping." A laser is created by placing the 
doped crystal rod and pump cavity in a "resonator" that 
reflects photons created by spontaneous emission, i.e. 
those generated by the normal decay of the excited 
ions. For example, mirrors placed at either end of the 
doped crystal. rod and aligned perpendicularly to its lon- 
gitudinal axis form a laser resonator. If the resonator is 
properly sized and a sufficient number of photons are 
being reflected back and forth within the resonator so 
that the "gain" exceeds the "loss," stimulated emission, 
i.e. "lasing" wilt occur, producing laser light. Laser light 
is typically extracted from the doped crystal rod in the 
pump cavity along the rod's longitudinal axis. Pump cav- 
ities are discussed in W. Koechner, Solid-State Lase r 
Engineering. 3rd edition, Springer Verlag (1992), ch. 6. 

Efficient absorption, in which nearly all of the pump 
light is absorbed by the doped crystal, is a primary goal 
of laser designers. Such a low-loss pump cavity is said 
to have a "higrvQ." One method of attaining efficient 
absorption is by using high : absorptton (highly doped) 
laser materials. A ray. of pump light going through a 
doped crystal one time is known as a "pass." With most 
existing designs, a.pump light ray makes only one or two 
passes, through the doped crystal before escaping, 
necessitating the use of high-absorption materials to 
achieve efficient absorption. Absorption is governed by 
an exponential function. Thus, when such a crystal is 
side-pumped, non-uniform absorption and thus non- 
uniform gain often /esult, with the highest gain being 
near the crystal edge. To facilitate handling, the corners 
of a crystal will typically be chamfered. Jhe chamfer will 
shadow or block the laser light, and since the highest 
gain is at the edges of the crystal, inefficient lasing 
results. 

Another approach to the goal of high efficiency 
absorption uses end pumping, in which pump light 
comes into a pump cavity along its; longitudinal, axis. 
End pumping requires expensive high-brightness pump 


diodes and. durable, difficult -to-produce dichroic coat- 
ings since the pumping and laser light extraction takes 
place through the same optical surfaces (i.e. the ends of 
the crystal rod) while requiring quite different reflectivity 

5 characteristics. In the case of quasi-four-level or three- 
level laser systems, pump "bleaching" can occur, in 
which available ions have been excited and no further 
pump light absorption is possible, resulting in reduced 
absorption for both side- and end-pumping geometries. 

w Efficiently coupling pump light into a pump cavity 
presents problems as well. For example, lenses, fibers, 
non-imaging concentrators, or some combination of 
these have been used to couple laser diode light into a 
doped crystal. These devices all introduce pump light 

is losses, size, weight, cost and complexity to the resulting 
pump cavity. 

.... Another common problem found in crystal pump 
cavities occurs when the heat generated by the optical 
processes occurring within a doped crystal causes 

20 astigmatic thermally induced lensing to occur in the cav- 
ity. This astigmatism can make lasing more difficult, and 
the quality of the output beam poor. 

Parasitic oscillation can also occur in existing 
designs, in which unwanted and inefficient lasing occurs 

25 in directions other than the desired longitudinal direc- 
tion, due to laser light being reflected off the pump cav- 
ity walls or the doped crystal's surfaces. 

Another problem found with laser mediums that are 
uniformly doped is a "lasing mode size," i.e. the amount 

so of area occupied by the laser photons, that is smaller 
than the size of the doped crystal, causing a loss of effi- 
ciency. 


35 


SUMMARY OF THE INVFNTION 


A high-Q pump cavity is presented that features an 
undoped outer crystal which has embedded within it a 
doped core of the same crystal host material, thereby 
integrating the functions of a doped crystal and a pump 

40 cavity into an essentially monolithic device. This inte- 
grated doped crystal/pump cavity, referred to hereinaf- 
ter as a "pump cavity," provides efficient and uniform 
absorption, uniform gain, a lasing mode size that is 
larger than the core and thus aJlows the entire doped 

45 core to be available for efficient. extraction, and signifi- 
cantly reduced parasitic oscillation. Small size, simplic- 
ity, and a low parts count are also features of the 
invention. 

A crystal is doped with a. laser active dopant such 
so as a rare-earth or transition-metal ion to form a "doped 
core." Undoped pieces of the same crystal material are 
diffusion bonded to the core, forming a homogeneous 
monolithic pump cavity with an undoped. "outer crystal" 
that has a doped core embedded within it. The cavity is 
55 preferably rod-shaped, and has two opposing convex- 
curved sides ..running along its full length. The curved 
sides are coated with a. highly-reflective dielectric coat- 
ing. At least one of the curved sides has a narrow slit- 
shaped area that is preferably coated with an anti- 
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reflective coating. Pump light is preferably supplied by at 
least one laser diode located adjacent to the slit-shaped 
area, through which pump light enters the cavity. 

The curvatures of the cavity's two curved sides are 
chosen to provide two functions. First, the curvature is 5 
such that nearly all the pump light rays that pass 
through the slit-shaped area are deflected through the 
doped core. Second, the curvature is adjusted so that 
pump light rays that enter the cavity are redirected 
through the doped core many times. The pump light to 
rays make many more passes through the core than 
does pump light in conventional diode pumping archi- 
tectures, resulting in efficient, uniform absorption. This 
efficiency permits the use of conventional, low bright- 
ness laser diodes to provide pump light, as well as low 15 
absorption laser materials. 

The pump cavity preferably has two opposing flat 
sides in addition to the two opposing curved sides. The 
flat sides interface with metal heat sink blocks to facili- 
tate the removal of heat generated by the optical proc- 20 
esses occurring within the cavity. Such heat can cause 
thermally induced tensing, possibly astigmatic, to occur 
in the cavity. The tendency to astigmatism is countered 
in the present invention by a cavity design in which the 
doped core shape and the dimensions df'the cavity min- 25 
imize the astigmatism, so that primarily spherical lens- 
ing is provided in the area of the device "occupied by the 
lasing mode. 

The novel technique of embedding a doped crystal 
core within an outer crystal of the same host material, 30 
as presented herein, allows the lasing mode size to be 
larger than the core and thus allows the entire core to be 
accessible for efficient extraction. This innovation also 
helps reduce parasitic oscillation and provides highl/ 
effective cooling. Furthermore, laser diode light couples 35 
directly into the doped core, with close to 100% trans- 
port efficiency. 

Further features and advantages of the invention 
will be apparent to those skilled in the art from the fol- 
lowing detailed description, taken together- with the 40 
"accompanying drawings. . 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a preferred pump 45 
cavity. 

FIG. 2 is a perspective view of the coatings applied 
to the curved pump cavity surfaces of FIG.1, with the 
rest of the pump cavity indicated in dashed lines and the 
core not shown. ■ " - : 50 

FIG: 3 is a front elevation view and light ray sche- 
matic of the preferred pump cavity. 

FIG. 4 is a front elevation view of the preferred 
pump cavity and additional components' associated with 
the cavity's use. . ■ ' ' 55 

FIG.- 5 is a side elevation view of the preferred pump 
cavity and associated components of FIG. 4/- 

FIG. 6 is a plan view of the preferred pump cavity 
and additional components associated witrvthe cavity's 


use. 

FIG. 7 is a perspective view of the preferred pump 
cavity as a component of a crystal laser, with the laser 
diodes and heat sink blocks not shown. 

DETAILED DESCRIPTION OF THE INVENTION 

A monolithic high-Q pump cavity that is limited in 
size, complexity and parts count is presented which pro- 
vides highly efficient absorption of pump light. 

A preferred pump cavity is shown in FIG. 1 . A rod- 
shaped crystal core 10, preferably yttrium-ajumin urn- 
garnet (YAG). is doped with a rare-earth ion, preferably 
ytterbium (Yb 3+ ), to make a "doped core." The doped 
core is then diffusion bonded to undoped pieces of YAG 
12, referred to herein as the "outer crystal," to form a 
rod-shaped monolithic pump cavity 1 4. The doped core 
10 is preferably rectangular and runs the length of the 
cavity. Cores with other shapes may be used, as long as 
the proper analysis as described herein is performed so 
that the performance advantages of the invention can 
be realized. When the doped core 10 and the undoped 
outer crystal 12 are properly configured, as discussed 
below, a pump cavity 14 is created having many advan- 
tages over existing designs. 

As shown in FIG. 2, the cavity 14 preferably has two 
opposing curved sides 22. 24 that run the full length of 
the cavity along its longitudinal axis (doped core not 
shown). The outer surfaces of the two curved sides 22, 
24 are coated with a high-reflectivity dielectric coating 
26. with the exception of a narrow slit-shaped area 28 
that runs down the center of at least one, and preferably 
both, of the two curved sides. Pump light enters the 
pump cavity through the slit-shaped areas 28, which are 
therefore not given a highly-reflective coating. Prefera- 
bly, these areas receive a 'coating 30 that isanthfeflec- 
tive at the wavelength of the pump light, to minimize 
pump light losses. 

In FIG. 3, a source of pump light is placed adjacent 
to the narrow slit-shaped areas 28 (shown as apertures 
in FIG/3, though they are actually areas of the undoped 
crystal surface, as described above). Preferably; -laser 
diodes 44, 46 in the form of multiple-emitter bars are 
used to supply pump light. The diodes 44, 46 are abut- 
ted as close as practical to the curved sides 22, 24, pref- 
erably within 50 microns. 

The curvature of each curved side is chosen to pro- 
vide two functions. First, the curvature is such thaVrays 
of light emitted from a laser diode 44, 46 are deflected 
through the doped core 10. Light rays are typically emit- 
ted from a laser diode at angles of up to approximately 
±22.5 degrees up-and-down and ±5 degrees side-to- 
side with respect to the diode's longitudinal axis. The 
more rays that can be made to pass through trie doped 
core 10. the greater the absorption efficiency of the 
pump cavity. The deflection provided by the curved 
sides 22; 24 of the cavity 14 enables virtually all of the 
light rays emitted by the diodes to pass through the 
doped core. 
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A second function provided by the curved sides is 
to reflect J ncoming pump light rays so that they are 
repeatedly redirected through the doped core 10. FIG. 3 
depicts the path taken by one incoming light ray 54 emit- 
ted from laser diode 44. Ray 54 is emitted at an angle 5 
shown by ray path 56 that, if not deflected, would take it 
through the outer crystal 12 without passing through the 
doped core 10 at all. The curved side .22 deflects ray 54 
by refraction as it passes through the si it -shaped area 
28 so that it continues through the doped core 10. The w 
curvature of the opposite curved side 24 is such that ray 
54 reflects from the highly-reflective coating and back 
through the doped core. Ray 54 then reflects from 
curved side 22 and through the doped core 10 again. 
The ray 54 continues to reflect back and forth through 1S 
the doped core until its photons are absorbed. An 
incoming ray will make an average of 5-10 passes. This 
large number of passes enables nearly all of the ray's 
energy to be absorbed. 

This process is repeated for nearly all rays emitted 20 
by laser diodes 44, 46. The diodes couple directly into 
the doped core 10 with close to 100% transport effi- 
ciency, without theuse of lenses, fibers or non-imaging 
concentrators, for example, and their associated losses, 
weight, complexity and cost.. With the high number of 25 
passes made by each ray, lower absorption laser mate- 
rials can be used, enabling the side pumping to be effi- 
cient and, uniform, even with relatively low-brightness 
diode bars. An improved absorption efficiency also 
helps to compensate for the reduced absorption coeffi- 30 
cient that occurs with bleaching. 

Appropriate cavity configurations that provide both 
the incoming-ray deflection and reflecting functions dis- 
cussed above can be empirically determined by mode- 
ling a particular cavity design with a ray-tracing 35 
computer program and noting its performance. Then, 
one or more parameters that affect the performance, 
such as the curvature of one or both sides, the size and 
placement of the doped core, the nature of the crystal 
material and the wavelength of the pump light are varied 40 
and the resulting performance modeled. This process 
continues until an acceptable design is determined. The 
curvatures need, not be the same on both sides and are 
not restricted to any particular values. Nor is it required 
that the origin of either curve be in the center of the cav- 45 
ity. The invention is not limited to a spherical curvature, 
but such a curvature is preferred. A particular .cavity 
configuration may be best served by an elliptical curva- 
ture, .for example., ... ... 

. The characteristics of the coatings on the surfaces 
of the curved sides are very important. Except along the 
slit-shaped areas, they should be highly reflective, i.e 
reflecting more than 99% of an impinging ray at the 
wavelength of the pump light, to prevent pump light from . 
being lost once it enters the cavity. This coating should, 
also have a low reflectivity at the lasing and other poten- 
tial high-gain wavelengths. An. a nti -reflective coating Js 
preferably used in the narrow slit-shaped ; areas, that is 
highly anti-reflective, preferably reflecting .less -than- 


49 A2 6 

0.25% of an impinging ray at the wavelength of the 
pump light, to allow as much pump light as possible to 
enter the pump cavity. An anti-reflective coating should 
also be applied to the longitudinal ends of the cavity. 
This coating should be highly anti -reflective at the wave- 
length of the laser light that will be extracted from the 
cavity. These types of dielectric coatings can be 
obtained from Z.C. & R., Inc., Los Angeles. 

The doped core is preferably diffusion bonded to 
the undoped outer crystal, producing a homogeneous 
pump cavity. Diffusion bonding is a method of physically 
bonding two optical materials together so that they 
become a single piece, with no bonding agent, such as 
glue or epoxy, in the interface to hold them together. It is 
performed at elevated temperatures with the surfaces 
being bonded pre-polished to a high degree of flatness. 
Diffusion bonding is described in U.S. Pat. No. 
5,441,803. "Composites made from single crystal sub- 
stances." to Meissner. Other methods of bonding optical 
materials together are acceptable, as long as the result- 
ing cavity is as if it were formed from a single piece of 
material. 

This novel crystal structure provides a pump cavity 
with many advantages. Highly effective cooling of the 
doped core is possible, for example, as the outer crystal 
efficiently- conducts heat to its surfaces, where it can be 
carried away (discussed further below). Embedding the 
doped core within an outer crystal provides a high-Q 
pump cavity. The homogeneity of the cavity allows the 
lasing mode size to be larger than the core, which in 
turn allows the entire doped core to be accessible for 
efficient extraction. There is also no vignetting, clipping 
or guiding of the laser light, as the lasing mode does not 
come close to the edges of the outer crystal. Also, 
embedding the. potentially fragile.doped crystal inside 
the larger undoped outer crystal makes handling the 
small cavity easier. 

Parasitic oscillation is also largely defeated by 
embedding the core in this way. Since both the core and 
the. outer crystal are the same material, the index of 
refraction is practically equal for the two regions. This 
nearly eliminates any total internal reflection (TIR) that 
is normally present at the boundary of two materials 
twith different indices, and also avoids refractive effects 
that could interfere with the pump rays passing through 
the core after each reflection from one of the curved 
sides. Reducing TIR in turn reduces the occurrence of 
parasitic oscillation. 

Another novel feature of the present invention 
so. involves the cavity's handling of heat. It is necessary to 
cool the cavity because a significant amount of heat is 
generated by the optical processes occurring within the 
pump cavity. To accomplish this, some form of heat 
sinking must be used,- requiring physical contact with 
55 the > outer crystal. The cavity's, two opposing curved 
sides are used to admit and reflect pump light; attaching 
heat sinks .to them would interfere with the adjacent 
pump light. sources. Thus, heat can only be removed 
from. the sides of the cavity not being used to redirect 
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pump light. Preferably, the cavity's opposed sides 58, 59 
between its curved sides 22, 24 are flat, making it easy 
for them to interface with metal heat sink blocks, though 
non-flat surfaces could be used as well. Because heat 
can only be removed from the top and bottom of the 5 
cavity through the flat sides, thermally induced astig- 
matic tensing may occur. The invention compensates 
for this phenomenon by selecting a shape for the doped 
core and dimensions for the cavity as a whole to reduce 
astigmatism. This causes lensing in the area of the 70 
device occupied by the lasing mode to be primarily 
spherical, with sharply reduced astigmatism. Determin- 
ing the appropriate core shape and cavity dimensions 
can be accomplished empirically using a computer sim- 
ulation to model a cavity with an initial core shape and 75 
cavity size, calculating the temperature distribution and 
astigmatism in the cavity, and manipulating the core 
shape and cavity size to obtain largely spherical iso- 
therms in the area of the doped core, to reduce the cal- 
culated astigmatism; varying the core height and width 2 o 
will generally have the greatest effect on astigmatism 

The invention as described is applicable to- a wide 
range of pump cavity configurations. It may be used with 
many different crystal and dopant types, including 
Yb 3+ YAG. Nd 3+ : YAG and Cr 3+ :AI 2 0 3 . It is preferred that 25 
pieces of a chosen crystal be capable of being diffusion 
bonded to each other 

The invention is not limited to any particular dopant 
level. However, because each incoming pump light ray 
makes a high number of passes through the doped 30 
core, the use of lower absorption laser materials and 
lower brightness laser diodes than might be practical 
with a one or two pass design is enabled. 

Different sources of pump light may be used with 
the invention. It is only necessary that the reflective and 35 
anti-reflective coatings used on the curved sides of the 
cavity be matched to the wavelength of the pump light 
source used. 

A pump cavity 14 with the features discussed 
herein has been fabricated, and is shown in detail in 40 
FIGS. 4, 5 and 6. The preferred outer crystal 12 and 
core crystal 10 host material is YAG, and the preferred 
dopant is Yb 3 \ with a doping level of about one atomic 
percent. The doped core 10 has a height 62 of about 
400 microns and a width 64 of about 300 microns, which 45 
provides a low amount of thermally induced astigma- 
tism. The core 10 is centrally located within the cavity 
14. and runs the entire length of the cavity, which is 
about 1 cm long. 

For this cavity, a spherical curvature was deter- so 
mined to provide the best performance. The radius of 
curvature for each of the curved sides 22. 24 is about 
0 9 mm, which provides between Sand 10 passes for 
incoming pump light rays. Each curved side^22,' 24 has 
a highly-reflective dielectric coating 26 on it (except in 55 
the narrow slit -shaped areas, discussed below). The 
coating is highly-reflective at the wavelength of the 
pump light; which in this embodiment is about 940 nm, 
and has a low reflectivity at about 1 030 nm. which is the 


wavelength of the laser light extracted from the cavity. 
The overall height 72 of the cavity is about 1 mm, and its 
width 74 at its widest point is about 1.5 mm. 

Heat produced in the pump cavity must be 
removed. It is preferred that this be accomplished with 
heat sink blocks 76, 78, preferably made of copper and 
water cooled. The blocks interface to the cavity, along its 
full length through a thin layer 80 of indium. The flat 
sides 58, 59 of the cavity are preferably finely ground, 
and the layer of indium is placed between the flat sides 
and the metal blocks. The indium provides good thermal 
contact between crystal and blocks, and also acts as a 
cushioning layer, to reduce strain on the crystal. These 
flat surfaces, being finely ground and in contact with the 
metial heat sink blocks, are not highly reflecting, and 
thus serve to aid in suppression of parasitic oscillation. 

FIG 5 is "a side view of the same cavity shown in 
FIG. 4. The cavity's length 90 is about 1 cm. In this view, 
one of the narrow slit-shaped areas 28 can be seen. 
The height 94 of the slit-shaped area 28 is about 75 
microns, and the area runs the full length of the cavity. 
The area 28 has an anti-reflective coating 30 that is 
highly anti -reflective at the wavelength of the pump light, 
which is about 940 nm. There is a slit-shaped area on 
the opposing curved side with approximately the same 
dimensions and coating characteristics. 

A coating 96. highly anti-reflective at the wave- 
length of the laser light extracted from the cavity 1 4, was 
applied to the longitudinal ends 97, 98 of the cavity. 

FIG. 6' is a plan view of the same cavity shown in 
FIGS. 4 and 5, with the heat sink blocks not shown; It is 
preferred that laser diodes be used to provide pump 
light to the cavity. Two laser diode bars 100, 102 are 
located oh either side of the cavity's curved sides 22, 
24, in alignment with the narrow slit-shaped areas 28 on 
each side. The diode bars 100, 102 run the full length of 
the cavity. The laser diode bars typically have 25 individ- 
ual emitters 104, with each bar having a total emitting 
area of about 1 micron by 1 cm. The diode bars 100, 
102 are each about 50 microns from their respective 
curved sides. The diodes are commonly available 
InGaAs diodes, and produce light at a wavelength of 
about 940 nm. 'While two diode bars are used in this 
embodiment, the advantages provided by the invention 
would be present if more or less diodes were used, or if 
pump light were admitted through just one of the cavity's 
curved surfaces. However, the power output of the 
device would be correspondingly increased or reduced. 
Other types of pump light sources would also be accept- 
able; however, cavity parameters such' as coating spec- 
ifications: dopant and' curvature would heed * to be 
adjusted to accommodate a different pump light wave- 
length. - T 

: By placing the present pump cavity within a resona- 
tor 1-10. ias shown in FIG. 7, a laser can be made. A res- 
onator typically consists of a 100%- reflector 1 12 and a 
partial' reflector 114, with the distance between reflec- 
tors selected -to provide laser light at a particular wave- 
length. Laser light i 1 6 emerges from the resonator 1 10 
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through partial reflector 1 14. The invention can be used 
as a component for many types of lasers, including q- 
switched, continuous wave, mode-locked and normal 
mode types. A q-switched laser was fabricated using 
the pump cavity shown in FIGS. 4, 5 and 6. This laser s 
had a power output of about 5 watts. Other applications 
for the pump cavity include its use as a master oscillator 
for a multi-kilowatt master oscillator power amplifier, a 
master oscillator for industrial laser power amplifiers 
(operating long-pulsed), and a pump for fiber lasers as 10 
might be used as laser radar sources. 

While particular embodiments of the invention have 
been shown and described, numerous variations and 
alternate embodiments will occur to those skilled in the 
art. Accordingly, it is intended that the invention be lim- 15 
ited only in terms of the appended claims. 

Claims 

1 . A pump cavity (14), characterized by: 20 

a core (10) formed from a crystal material that 
has been doped with an active ion, 
an undoped outer crystal (12) formed from the 
same type of crystal material as said core and 
forming with said core (10) a monolithic high-Q 
pump cavity (14). said outer crystal (12) having 
two opposing curved sides (22, 24) along a lon- 
gitudinal axis, at least one of said curved sides 
(22. 24) having a narrow longitudinal slit- 
shaped area (28) for admitting pump light (54) 
into said cavity (14), and 
highly-reflective coatings (26) on both of said 
curved sides (22, 24) except in said slit-shaped 
areas (28), the curvature of said curved sides 
(22, 24) directing said pump light (54) entering 
said cavity (14) via said slit-shaped areas (28) 
through said core (10), and said reflective coat- 
ings (26) repeatedly redirecting said pump light 9. 
(54) through said core (10). 40 

2. The pump cavity of claim 1, characterized in that 
said crystal (10, 1 2) is yttrium-aluminum-garnet and 
said active ion is ytterbium. 

45 

3. The pump cavity of claim 1 or 2, characterized in 10. 
that said outer crystal (12) and said core (10) have 
shapes that produce a low value of thermally 
induced astigmatic lensing. 

50 

4. The pump cavity of any of claims 1 - 3, character- 
ized in that said core (10) and said outer crystal 
(12) are diffusion bonded together. 

5. The pump cavity of any of claims 1 - 4, character- 55 
ized by at least one laser diode (44, 46; 100, 102) 
positioned to direct narrow waveband pump light 
(54) into said cavity (14) through one of said narrow 
slit-shaped areas (28). 
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. Tne pump cavity of claim 5, characterized in that 
said cavity (14) is configured to produce a stimu- 
lated emission of light (116) at a predetermined 
emission wavelength in response to said pump light 
(54), wherein said highly-reflective coatings (26) on 
said curved sides (22, 24) have a high reflectivity at 
a wavelength approximately equal to that of said 
pump light (54) and a low reflectivity at a wave- 
length approximately equal to that of said stimu- 
lated emission, said narrow slit-shaped areas (28) 
have a coating (30) that is highly anti-reflective at a 
wavelength approximately equal to that of said 
pump light (54), and the longitudinal ends (97, 98) 
of said cavity (14) have a coating (96) that is highly 
anti-reflective at a wavelength approximately equal 
to that of said stimulated emission. 

The pump cavity of any of claims 1 - 6, character- 
ized in that said core (10) has a rectangular cross 
section transverse to the cavity's longitudinal axis 
that is about 400 microns (62) high and about 300 
microns (64) wide, said cavity (14) further com- 
prises two opposing flat sides (58, 59) between said 
curved sides (22, 24) wherein the distance (72) 
between said flat sides (58. 59) is about 1 mm and 
the distance (74) between said curved sides (22. 
24) is about 1.5 mm at their point of maximum sep- 
aration and each of said curved sides (22, 24) has 
a radius of 0. 9 mm. 

The pump cavity of any of claims 1 - 7, character- 
ized by at least one laser diode (44, 46; 100, 102) 
providing pump light (54) at a wavelength of about 
940 nm into said cavity (14) through at least one of 
said narrow slit-shaped areas (28) and wherein 
said pump cavity (14) produces laser light (116) at 
a wavelength of about 1030 nm. 

The pump cavity of any of claims 1 - 8. character- 
ized in that said core (10) provides a lasing mode 
size within said outer crystal (12) that is larger than 
said core (10), enabling substantially the entire 
doped core (10) to be accessible for efficient extrac- 
tion of laser light (116) from the cavity (14). 

A monolithic laser diode-pumped crystal laser, 
characterized by: 

a pump cavity (14) in which a doped crystal 
core (10) is bonded to pieces (12) of the same 
crystal host material to form a monolithic 
homogeneous pump cavity (14) with an 
embedded doped core (10). said cavity (14) 
having two opposing convex-curved sides (22. 
24), at least one of said sides (22, 24) having a 
narrow slit-shaped area (28) through which 
pump light (54) enters said cavity (14), said 
sides (22, 24) having a highly-reflective coating 
(26) on their outer surfaces except in said slit- 
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shaped areas (28), the curvature of said con- 
vex-curved sides (22, 24) being such that said 
pump light (54) entering said cavity (14) is 
deflected through said core (10) and repeat- 
edly redirected through said core (10) for pro- 5 
viding efficient absorption of said pump light 
(54), said core (10) and said outer crystal (12) 
having shapes that produce a low value of ther- 
mally induced astigmatic lensing, satid outer 
crystal (12) enabling effective conductive cool- w 
ing of said core (10), a lasing mode size that is 
larger than said core (10), and reduced occur- 
rence of parasitic oscillations, beam vignetting, 
clipping, or guiding, ' 
at least one laser diode (44, 46; 100, 102) pro- is 
viding said pump light (54) into said cavity (14) 
through said s!'t -shaped areas (28). and 
a resonator (110), said resonator aligned with 
the longitudinal ends (97, 98) of said pump cav- 
ity (14) such that stimulated emission (116) 20 
occurs within said cavity (14). 
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(54) Monolithic laser pump cavity 

(57) A high-Q pump cavity (14) is formed from 
undoped crystal pieces (12) that are diffusion bonded to 
a doped core (10) of the same crystal host material. The 
resulting monolithic pump cavity (14) has 2 opposing 
convex-curved sides (22. 24) which have a highly- 
reflective coating (26) on their outer surfaces, except in 
narrow slit-shaped areas (28) on each curved side (22, 
24) through which laser-diode-supplied pump light (54) 
enters the cavity (14). The curvature of the two curved 
sides (22, 24) is such that nearly all the pump light rays 
(54) that pass through the slit-shaped areas (28) are 
deflected by the curvature through the doped core (10). 
and rays that enter the cavity (14) are redirected 
through the doped core (10) many times, resulting in 
efficient, uniform absorption. The cavity (14) has two 
opposing flat sides (58, 59) that interface with metal 
heat sink blocks (76. 78) to facilitate the removal of inter- 
nally-generated heat. Thermally induced astigmatic' 
lensing caused by this heat is countered by a cavity 
design in which the core shape and the dimensions of 
the cavity (14) minimize this astigmatism. Embedding a 
doped crystal core (10) within a crystal (12) of the same 
material allows the lasing mode size to be larger than 
the core (10), allowing the entire doped core (10) to be 
accessible for efficient extraction, helps reduce parasitic 
oscillation, and provides highly effective cooling. Fur- 
thermore, laser diode light (44. 46; 100, 102) couples 
directly into the doped core (10), with close to 100 % 
transport efficiency. 
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